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irconium dioxide (ZrO2) is a semiconductor 
material which its photocatalytic properties for 
degradation of methylene blue has been 
investigated in this research. ZrO2 was prepared 
from ZrCl4 solution by adding NaOH through 
precipitation method without ultrasonication, and 
also with ultrasonication for 1 h and 2 h. The specimens of ZrO2 
were analyzed by X-Ray Diffraction (XRD), Scanning Electron 
Microscopy (SEM), and Brunauer-Emmett-Teller (BET). The 
XRD of all ZrO2 samples showed that the smallest ZrO2 crystal 
size was 8.149 nm based on Debye-Scherrer calculations for 
ultrasonic time of 2 h. The lattice parameter of ZrO2 under 
tetragonal phase was analyzed using Rietvield refinement by La 
Beil method. The specific surface area of all ZrO2 specimens 
were confirmed by BET. The result showed specific surface 
area of 99.741 m2/g for treatment with 2 h ultrasonication. The 
effect of ultrasonic assisted precipitation could increase the 
photocatalytic activity. This result showed that the degradation 
of methylene blue by ZrO2 with 2 h ultrasonication is higher than 
both by ZrO2 with 1 h ultrasonication and ZrO2 without 
ultrasonication with values of 93.00 %, 88.32 % and 77.53 % 
respectively, at 120 min irradiation, pH of 10 and 0.05 g of ZrO2.  
  















alam penelitian ini telah di sintesis zirkonium 
dioksida (ZrO2) sebagai bahan semikonduktor 
yang diamati sifat fotokatalitiknya untuk 
mendegradasi larutan metilen biru. ZrO2 dibuat 
dari larutan ZrCl4 dengan menambahkan NaOH 
melalui metode presipitasi tanpa ultrasonikasi serta di bantu 
ultrasonikasi selama 1 jam dan 2 jam. Spesimen ZrO2 dianalisis 
menggunakan X-Ray Diffraction (XRD), Scanning Electron 
Microscopy (SEM), dan Brunauer-Emmett-Teller (BET). Hasil 
XRD dari semua sampel ZrO2 menunjukkan ukuran kristal ZrO2 
terkecil adalah 8.149 nm berdasarkan perhitungan Debye-
Scherrer dengan waktu ultrasonikasi selama 2 jam. Parameter 
kisi ZrO2 dengan fasa tetragonal dianalisis menggunakan 
Rietvield refinement dengan metode La Beil. Luas permukaan 
spesifik dari semua spesimen ZrO2 telah dikonfirmasi melalui 
karakterisasi BET. Hasil penelitian menunjukkan bahwa luas 
permukaan spesifik dengan bantuan ultrasonikasi 2 jam adalah 
99.741 m2/g. Pengaruh ultrasonikasi selama presipitasi dapat 
meningkatkan aktivitas fotokatalitik ZrO2. Hasil ini menunjukkan 
bahwa nilai degradasi metilen biru oleh ZrO2 dengan 
ultrasonikasi 2 jam lebih tinggi dibandingkan dengan ZrO2 
dengan ultrasonikasi 1 jam dan ZrO2 tanpa bantuan 
ultrasonikasi, masing-masing adalah 93.00%, 88.32% dan 
77.53%, pada kondisi penyinaran 120 menit, pH 10 dan 0.05 g 
ZrO2. 
  







Zirconium dioxide (ZrO2) is a 
material semiconductor which has a 
band gap energy between 3.25 to 5.1 
eV [1]. ZrO2 semiconductor can be 
used as a photocatalyst which its 
photocatalyst property is worked well 
in the region of ultraviolet irradiation 
[2], high stability and environment 
friendly [3]. The methods are widely 
used for the preparing ZrO2 such as 
precipitation, hydrothermal and sol-gel. 
The precipitation is a method often 
used with considering as the simple 
method and low cost [4]. We have 
reported to reduce pollution of organic 
waste such as methylene blue using 
adsorbents but the results must be 
improved [5,13-17]. 
In general, a weakness in the 
precipitation method for synthesizing 
ZrO2 is an inability to control its 








photocatalytic activity of ZrO2 due to 
reducing the particle size of ZrO2 
which it can be done by vibrations 
ultrasonic-assisted, one of which is the 
method of precipitation ultrasonic-
assisted [7]. Photocatalysts with 
smaller particle sizes such as the 
nanometer scale will be more effective 
to degrade organic pollutants [8-9]. 
In this study, ZrO2 was 
synthesized by the precipitation 
method which NaOH used as the 
precipitate. When synthesis of ZrO2, 
ultrasonic-assisted was treated during 
the precipitation process with 
adjustment of the ultrasonic time. Thus 
the situation was studied to determine 
the effect of ultrasonication on the 
structural of ZrO2. Then ZrO2 samples 
were applied as photocatalyst for 




Chemicals used in this research 
was ZrCl4.H2O (Merck®), NaOH 
(Merck®), HCl (37%, Merck®), 
Methylene blue (Merck®) and aqua 
DM. 
2.1 Synthesis and Characterization 
of ZrO2 
ZrO2 was prepared from ZrCl4.H2O 
using precipitation method by taking 
ultrasonic-assisted treatment and 
without ultrasonic for comparison [6].  
Ten g of ZrCl4.H2O was dissolved into 
100 mL of aqua DM at 80 ℃. 
Subsequently, 2 M NaOH was added 
to ZnCl4 solution until pH of 10, and 
then the specimen formed is treated 
by ultrasonic-assisted for 1 h and 2 h. 
The formed precipitates was filtrated, 
then it washed using aqua DM until pH 
neutral. Finally, the precipitates was 
dried at 110 ℃ for 12 h and then it 
flattened at 650 ℃ for 4 h.  ZrO2 
samples were analyzed by X-Ray 
Diffraction (XRD) to identify the 
structures. ZrO2 was also synthesized 
without ultrasonic-assisted using the 
same method as comparison. The 
ZrO2 samples were analyzed by 
Scanning Electron Microscopy (SEM) 
to identify its morphology. Surface 
area of ZrO2 samples were measured 
by Brunauer-Emmett-Teller (BET).  
2.2 Photocatalytic Activity of ZrO2 
Photocatalytic measurement of 
ZrO2 samples were tested toward 10 
g/L of methylene blue (MB) under UV 
irradiation. Twenty mL methylene blue 
is added in 0.05 gram ZrO2 samples, 
then are mixed by ultrasonic for 1 min. 
Subsequently, the mixture was 
illuminated by UV light and while 
stirred slowly. Photocatalytic activity of 
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ZrO2 were optimized due to the 
irradiation time i.e. 15, 30, 60, 90 and 
120 min. Moreover, pH of MB solution 
was also optimized by adjusting the 
addition of NaOH and HCl i.e. pH of 2 
until 12. After irradiation process 
completed, the concentration of MB 




3.1 Synthesis and Characterization 
of ZrO2 
In our report, ZrO2 was 
synthesized via precipitation method, 
in which ultrasonic-assisted vibrations 
was conducted during the precipitation 
process, then ZrO2 samples were 
tested as a photocatalyst material 
toward degradation of methylene blue 
solution.  
Figure 1 XRD pattern of ZrO2 
samples: USZr-0 (without ultrasonic), 
USZr-1 (ultrasonic-assisted of 1 h), 
and USZr-2 (ultrasonic-assited of 2 h). 
Standard ZrO2: m-ZrO2 (96-101-0913) 
and t-ZrO2 (96-152-6428) 
Table 1 Crystallite Size of ZrO2 
samples by Debye Scherrer calculation 






Figure 1 shows XRD pattern of 
ZrO2 samples i.e. without ultrasonic 
assisted (USZr-0), with ultrasonic-
assisted for 1 h (USZr-1), and 2 h 
(USZr-2).  Obviously, diffraction peaks 
of all samples were matched well 
toward the structure of ZrO2. The XRD 
results also explain that the crystallinity 
and crystallite size of the ZrO2 samples 
are becomes increasing and smaller 
respectively, in which are 
corresponding to the increasing of 
ultrasonic time. The crystal sizes 
calculated by Debye Scherrer are 
summarized in Table 1. The ultrasonic-
assisted that is applied continuously 
during the precipitation reaction will 
cause cavitation waves to burst and 
shock waves to occur during the 
reaction, which causes the sample 
particle size to be smaller [9-10]. 
XRD peaks of the ZrO2 samples 
was analyzed using Rietvield 
III. RESULTS AND DISCUSSION 




refinement by La Beil method. This 
method aims to determine the effect of 
ultrasonic-assisted during the 
precipitation on each lattice 
parameters of ZrO2 samples. Figure 2 
shows the rietvield refinement result of 
all samples. The diffraction peaks are 
matched well toward tetragonal of ZrO2 
(t-ZrO2). However, for the sample 
without ultrasonic (USZr-0) shows that 
the monoclinic phase is obtained at 2θ 
positions of 27.93° and 31.15° with the 
lattice parameters i.e. a = 5.2100 Å, b 
= 5.2600 Å, c = 5.3700 Å, and β = 
80.530º (see in Figure 2.a). For the 
samples with ultrasonic-assisted, i.e. 
USZr-1 (see in Figure 2.b and 2.c) and 
USZr-2 (see in Figure 2.d), the 
crystallite system were closed to 
tetragonal phase with the lattice 
parameters a = b = 3.5961 Å, c = 
5.1770 Å and β = 90º. The results of 
rievield refinement analysis of all 
samples can be seen in Table 2. 
The results of ZrO2 samples 
analysis by the Le Bail method showed 
a high compatibility of data between 
observational and calculation, shown 
by Goodnet-of-fit (GOF) value data, χ2 
= 0.06-0.64%. Prasad, et al. (2011) 
reported the synthesis of ZrO2 using 
precipitation method with ultrasonic-
assisted, which can assist in 
transformation of crystallite phase from 
monoclinic to tetragonal at 500 ℃ [6]. 
Moreover, the transformation process
Figure 2 Lattice parameters analysis of ZrO2 samples by rietvield refinement (a) m-
USZr-0, (b) t-USZr-0, (c) USZr-1, (d) USZr-2 





Table 2. Lattices Parameter of ZrO2 Samples
Parameter USZr-0 USZr-1 USZr-2 
Space group Monoclinic Tetragonal Tetragonal 
Crystal lattice P1 21/c 1 P 42/n m c P 42/n m c 
Asymmetric unit (Z) 4 2 2 
a(Å) 5.2284 3.6209 3.6188 
b(Å) 5.0952 3.6209 3.6188 
c(Å) 6.1710 5.2041 5.2046 
α 90.00° 90.00° 90.00° 
β 86.96° 90.00° 90.00° 
γ 90.00° 90.00° 90.00° 
Volume Cell (Å3) 164.1602 68.2307 68.1594 
Rp (%) 18.36 5.89 8.26 
Rw (%) 24.97 7.21 8.88 
GOF (%) 0.64 0.06 0.14 
 
on a solid state is also influenced by a 
base solution that was used during the 
synthesis. The use of strong base like 
NaOH tends to form tetragonal phase 
compared with the use of weak base 
[7]. Reddy, et al. (2003) reported the 
use of alkali group tends to form 
tetragonal phase too [4]. 
Figure 3 shows the Scanning 
Electron Microscopy (SEM) from all 
ZrO2 sample. As can be seen in Figure 
3.c, ZrO2 which was synthesized 
through precipitation method with 
ultrasonic-assisted shows smaller 
crystallite sizes of (USZr-2) when 
compared with Figure 3.a (USZr-0). 
Morphology of our samples are similar 
to reported previously [4,6] which 
explains that crystallite form of 
spherical is more clearly. Ultrasonic 
treatment during the precipitation 
process also shows that the longer 
ultrasonic time, the crystalline shape 
will be more spherical and the 
agglomeration level will decrease. 
Ultrasonic-assisted can also assist the 
dispersion of ZrO2 particles due to the 
cavitation effect that caused by 
ultrasonic waves [9]. SEM analysis 
based on average value from 
measurements of 200 particles data 
determined by randomly which 
produces particle size of the samples 
are almost close to XRD analysis 
 




based on Debye-Scherrer calculations, 
i.e. 10.20; 8.92; 7.12 nm for USZr-0, 
USZr-1, USZr-2 respectively. 
Table 3 shows surface area of 
synthesized ZrO2 measured by 
Brunauer-Emmett-Teller (BET). In 
Table 3 it can be seen that surface 
area of ZrO2 samples increases with 
the increasing of ultrasonic time. The 
sample of USZr-2 (with ultrasonic-
assisted along 2 h) produce higher 
surface area than other samples which 
is 99.741 m2/g. BET characterization 
results were also used to calculate the 
particle size, which correlation of 
particle surface area toward particle 
shape is based on the assumption that 
particles are spherical [4]. Surface 
area of ZrO2 samples with ultrasonic 
treatment will be increasing due to 
effect of micro-bubbles (cavitation 
wave) which depend on the ultrasonic 
time until the bubble to burst. Thus, it 
can expand the surface of solids into 
non-spherical and cause shock waves 
[11]. 
Figure 3 SEM images of ZrO2 samples of (a) USZr-0, (b) USZr-1 and (c) USZr-2 
Table 3. BET Analysis of ZrO2 Samples 
Specimen Specific Surface area (m2/g) Crystallite Size (nm) 
USZr-0 44.508 23.733 
USZr-1 82.971 12.731 
USZr-2 99.741 10.595 
 





3.2 Photocatalytic activity of ZrO2 
Graph of degradation of 
methylene blue by ZrO2 samples can 
be seen in Figure 4. From Figure 4.a, 
it can be seen that ZrO2 samples gives 
a higher photocatalytic activity when 
pH of methylene blue solution lies in 
alkaline conditions. Optimum 
photocatalytic activity of ZrO2 occurs 
when the pH of methylene blue 
solution is 10. This is related to 
possibility of presence of excess OH- 
will be facilitate the formation of OH 
radicals to degrade MB compounds 
during irradiation. In addition, the 
influence of pH of MB solution will shift 
the redox potential of valence band 
and conduction band, which can affect 
the transfer of electrons during the 
reaction [12]. However, the percentage 
degradation of methylene blue is 
decreased at pH 12. This is due to the 
possibility of adsorption effect of MB 
molecule on photocatalyst surface 
being increased so that the absorption 
of UV irradiation will decrease [12]. 
Figure 4.b shows the graph of 
percent degradation of MB with 
respect to irradiation time and also in 
dark situations (without UV-light 
irradiation). UV-light was irradiated to 
methylene blue solution which was 
mixed with 0.05 g of ZrO2 powder. By 
gradually the concentration of the 
methylene blue solution drops 
significantly. This shows that ZrO2 
powder has functioned as a 
photocatalyst. While, the ZrO2 powder 
synthesized with ultrasonic-assisted 
i.e. 1 h and 2 h showed the 
photocatalytic activity is obviously 
improved. Zirconium dioxide with 
ultrasonic-assisted for 2 h (USZr-2) 
provides higher photocatalytic activity 
than others. The sample also showed 
the strong adsorption capacity besides 
providing high photocatalytic activity. 
 
Figure 3 Photocatalytic activity of all 
ZrO2 samples according to the 
optimization of (a) pH of methylene 
blue and (b) time. 




. The photon energy from UV-light is 
irradiated on the catalyst causing the 
electrons to be excited. Electrons are 
excited into the conduction band will 
move to the surface of ZrO2 to fill the 
oxygen vacancy on the surface. The 
oxygen contained in the environment 
will be adsorbed on the surface of ZrO2 
to form superoxide radicals (•O2). The 
valence band which loses electrons 
will form hydroxyl radicals (•OH) which 
are functioned as strong oxidizing 




ZrO2 has been successfully 
synthesized using the ultrasonic-
assisted precipitation method with 
optimize the ultrasonic time. The XRD 
results shows that ultrasonic treatment 
during the synthesis of ZrO2 can 
decrease the crystallite size of ZrO2. 
The cell parameter analysis of ZrO2 
using Rietvield refinement by La Beil 
method shows ultrasonic process 
could affect the lattice transformation 
of m-ZrO2 to t-ZrO2. Moreover, the 
BET measurement also shows the 
surface of ZrO2 becomes increasing 
due to the increasing of ultrasonic 
time. Then, the ZrO2 sample with 
ultrasonic process of 2 h provides 
higher photocatalytic activity than the 
other samples in degrading methylene 
blue solution which is 93 % under UV-
light irradiation for 120 min, pH of 10 
and 0.05 g of ZrO2. 
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